We tried to determine whether postoperative CNS complications after off-pump coronary artery bypass grafting (OPCABG) are related to prior cerebral infarction or intracranial artery disease. Fiftyfive patients (among them, 40 men; mean age 64.6 ± 8.9 years) subjected to OPCABG underwent neurological and neuropsychological examinations 24 h before surgery. MRI was used to identify old and/or new ischemic lesions before surgery, and MRA was used to determine the presence and severity of intracranial artery disease. The patients were examined eight days after surgery; possible development of stroke or cognitive dysfunction was evaluated. Associations between postoperative stroke and potential predictors, including prior cerebral infarction and intracranial artery disease, were analyzed using univariate methods. Two of 55 (3.64%) patients had postoperative stroke, and no patient showed cognitive decline. Univariate analysis found no significant association between postoperative stroke and prior cerebral infarction detected by MRI (P = 0.378) or intracranial artery disease detected by MRA (P = 0.103). Our results suggest that intracranial artery disease and prior cerebral infarction are not independent risk factors for stroke after OPCABG. Nonetheless, further investigation of these associations is necessary.
INTRODUCTION
Devastating CNS complications, including stroke, can occur following coronary artery bypass grafting (CABG), with an incidence of 2.6-7.6% [1, 2] . Cognitive dysfunction (with an incidence of 30-65%) [3, 4] , anxiety, and depression are also among such complications. These complications significantly increase disability and mortality of the patients, as well as healthcare costs [5, 6] . A number of risk factors can contribute to the occurrence of CNS complications after CABG, including age, unstable angina, prior stroke or transient ischemic attacks, carotid bruits, carotid artery disease, left ventricular ejection fraction (LVEF) below 50%, cardiopulmonary bypass, postoperative atrial fibrillation, and postoperative hypotension [6] [7] [8] [9] . Intracranial artery disease is also an independent risk factor for CNS complications after CABG [10] .
Postoperative CNS complications are thought to be due mainly to the adverse effect of cardiopulmonary bypass [11] [12] [13] . The incidence of stroke or cognitive dysfunctions does not decrease after off-pump coronary artery bypass grafting (OPCABG), although this method can avoid the adverse effects of extracorporal circulation [14] . Therefore, the risk factors for CNS complications after OPCABG must be re-examined. In our study, we prospectively studied patients undergoing OPCABG and tried to determine whether intracranial artery disease and prior cerebral infarction constitute potential risk factors for CNS complications.
METHODS
Examined Group. A total of 55 consecutive patients scheduled for OPCABG at the Beijing Anzhen Hospital were believed eligible for inclusion in the study. Patients with significant pre-existing neurological deficits (according to Mini-Mental State Examination, MMSE [15] scores) that would hamper interpretation of the clinical and radiological data, scores of the National Institute of Heart Stroke Scale below 4 [16] , and/or contraindications for MRI (such as the use of a cardiac pacemaker) were not included in the group.
Data Collection. The following potential risk factors for CNS complications after OPCABG were noted before surgery: history of stroke, hypertension, diabetes mellitus, hyperlipidemia, cardiac surgery, atrial fibrillation, smoking, and alcohol abuse. The MRI and MRA studies were performed before surgery. The MRI studies were repeated in patients with new symptoms of stroke after OPCABG to confirm the diagnosis of stroke. The results of MRI were examined by two imaging specialists to identify the presence of infarct foci. The intracranial arteries were examined to detect the presence of intracranial artery disease, defined as luminal narrowing exceeding 50% [17] . Among these vessels, there were the intracranial internal carotid artery, anterior, middle, and posterior cerebral arteries, intracranial vertebral artery, and basilar artery.
Assessment and Definition of CNS Complications. Neurological examinations of the patients' cognitive functions, level of anxiety, and depression states were performed before and eight days after surgery to detect the presence of CNS complications. All assessments were performed by an investigator blinded to the MRI and MRA results. The MMSE, Clinical Dementia Rating (CDR), and Global Deterio ration Scale (GDS) were used to evaluate the state of cognitive functions. The Self-rating Anxiety Scale (SAS) and Self-rating Depression Scale (SDS) were used to assess the anxiety level and depression state.
The CNS complications were classified as stroke, mild cognitive impairment (MCI), depression, or abnormally high anxiety. Stroke was defined as a new focal neurological deficit lasting more than 24 h with an MRI finding consistent with a new ischemic injury. The diagnosis of MCI was made according to the following criteria: (i) memory complaint, (ii) normal activities in daily living, (iii) normal general cognitive function, (iv) memory abnormal for the patient's age, and (v) absence of dementia [18] . Depression and anxiety were defined as SDS and SAS index values (transformed from raw scores) below or equal to 50, respectively [19] .
MRI and MRA. All MRI studies were performed with a 1.5-Tesla scanner Sonata (Siemens Healthcare, Germany); T1-weighted images, T2-weighted images, and diffusion-weighted images (DWIs) were acquired using a spin echo sequence, a turbo spin echo sequence, and an echo planar imaging sequence, respectively. Three-dimensional time-offlight MRA (Sonata, Siemens Healthcare, Germany) was used to assess the presence of intracranial artery disease. Perfusion-weighted imaging (PWI) results were processed with STROKETOOL software (Digital Image Solutions, Germany), supported by the Düsseldorf University Hospital. The regional cerebral blood volume (rCBV), regional cerebral blood flow (rCBF), mean transit time (MTT), and time to peak (TTP) were values calculated and analyzed.
Statistical Analysis. All data were analyzed using SPSS software (version 13.0; SPSS Inc., USA), with P ≤ 0.05 considered indications of significant intergroup differences. Continuous variables were expressed as means ± s.d., and categorical variables were expressed as numbers and frequencies. Univariate analysis was performed to determine differences in potential risk factors (including intracranial artery disease and prior stroke) between patients with and without CNS complications. Continuous variables were compared between groups using the t-test, and categorical variables were compared using the Fisher's exact test. Multivariate logistic regression was not estimated because of a relatively small sampling.
RESULTS
Fifty-five participants (40 men and 15 women), mean age 64.59 ± 8.86 (45-84) years, were enrolled in the study (Table 1 ). All patients completed neurological and neuropsychological assessments at baseline and postoperative neurological assessments at a mean of 5 ± 3 days after surgery.
Two of the 55 patients (3.64%) suffered from a clinically evident postoperative stroke and new ischemic lesions on postoperative DWIs. One of these patients (patient 1 in Table 2 ) experienced the sudden onset of incomplete motor aphasia and hemianopia five days after surgery, and large areas of new ischemic lesions dispersed within the right occipital lobe were found on the postoperative DWI. Another patient (patient 2 in Table 2 ) experienced aphasia and paralysis + numbness of the left upper limb, with new lesions on the right temporal lobe and right basal ganglia detected on the postoperative DWI. These two patients were more than 60 years old and had histories of hyperlipidemia and diabetes mellitus, but these factors showed no significant difference from the rest of the patient sampling. Other variables, including risk factors for preoperative stroke, cardiac surgery history, and LVEF below 40%, did not differ between patients with and without postoperative stroke (Table 3) .
Preoperative MRI revealed subclinical (old) infarcts in the above two patients with postoperative stroke, but this finding did not differ significantly from those for their counterparts without postoperative stroke (P = 0.378). The MRA findings for intracranial artery disease also showed no significant difference between patients with and without postoperative stroke (P = 0.103; Table 3 artery that was not related to new infarction. Patient 2 had mild bilateral stenosis of the posterior cerebral arteries that was responsible for new ischemic lesions (Table 2 ). No significant difference was found in pre-and postoperative rCBF, rCBV, MTT, or TTP values on functional MRI for all 55 patients (P > 0.05; Table 3) .
No patient showed a decline in the neuropsychological measures (Table 4) ; changes in MMSE (P = 0.352) and CDR (P = 0.322) scores were insignificant. Pre-and postoperative GDS scores did not differ from each other, and estimates of the psychomotor speed, mental flexibility, and memory tests were generally similar. Seven participants had mildly increased anxiety, and one patient suffered from mild depression, as determined by the preoperative administration of the SAS and SDS. Anxiety levels declined in two patients after surgery, but these changes in the anxiety level and depression were, in general, insignificant.
DISCUSSION
Cerebral injury is a devastating complication of CABG; globally, stroke occurs in 1.5-7.6% of the patients, encephalopathy affects 8.4-32% of those, and cognitive dysfunction affects 20-65% of the patients at discharge [1] [2] [3] [4] 20] . Variation in the incidences reported by different studies is likely due to differences in the patient samplings (e.g., patient age and risk status, types of procedures), diagnostic definitions, and intensity of clinical surveillance. The results of our study confirmed that neurological injury is relatively common after cardiac surgery, with approximately 4% of the patients experiencing postoperative stroke.
In previous studies [6, 8, 9, 21] , the causative mechanisms and risk factors for perioperative strokes in patients undergoing CABG were determined. The incidence of postoperative stroke correlates mainly with the adverse effect of cardiopulmonary bypass due to large numbers of microemboli built by fragments of atheromatous plaques from the ascending aorta, thrombi, platelets, destroyed red blood cells, white blood cells, lipids, and gas [11, 13, 22] . Although OPCABG can avoid the adverse effects of extracorporeal circulation, a noticeable proportion of the patients still suffer from postoperative stroke [14] .
In many studies, the relationship between carotid artery disease and risk of stroke after OPCABG was evaluated, although this correlation remains controversial [2, 23] . A few studies have examined the effect of intracranial artery disease on stroke after CABG. Yoon et al. [10] found that intracranial artery disease was associated independently with the development of CNS complications after CABG (prevalence odds ratio, 2.28, with a 1.04-5.01 confidence interval, after controlling for covariates, including age, occurrence of intra operative events, and reoperation). Cheng-Ching et al. [24] also found that intracranial atherosclerosis may be an underreported mechanism of perioperative stroke after open-heart surgery. However, only few studies have systematically investigated the role of intracranial artery disease as a risk factor for postoperative stroke in patients undergoing OPCABG. It was found that a history of stroke is an independent risk factor for postoperative stroke after CABG [25] . At the same time, single studies have investigated the relationship between prior ischemic lesions, including subclinical cerebral infarction, and postoperative stroke following OPCABG. In our study, the two patients who suffered from postoperative stroke had intracranial artery disease and ischemic lesions on preoperative MRI. Although prior cerebral infarction and intracranial artery disease appeared to be more prevalent in patients who experienced postoperative stroke than in those who did not, this difference was not found to be significant in our study, probably due in part to a small sampling size. Further studies are required to better understand the predictive values of intracranial artery disease and prior cerebral infarction for postoperative stroke. Atherosclerosis is a systemic process, and risk factors for coronary artery disease can also affect the intracranial arteries. Coronary artery disease is prevalent in patients with stroke, including subclinical forms of the latter. Yoon et al. [10] found that 16.4% of the patients undergoing nonemergency isolated CABG had intracranial artery disease alone, and 13.9% had extra-and intracranial artery disease. Ito et al. [26] found that almost half (49.9%) of the patients who underwent CABG had silent (35.2%) or symptomatic (14.7%) brain infarction. In our study, brain MRI with DWI and MRA findings revealed that 61.8% of the patients who underwent OPCABG had prior cerebral infarction, and 32.7% had intracranial artery disease. Considering the high incidence of prior cerebral infarction and intracranial artery disease in patients undergoing OPCABG, these patients should be identified for these conditions before surgery.
The cognitive decline was reported to occur in 30-70% of the patients in the first week after cardiac surgery; this incidence declines to 30-50% at three weeks after surgery and may persist for one year [27, 28] . However, the incidence of postoperative cognitive impairment remains controversial and varies greatly depending on the patient's characteristics, the tests used to evaluate cognitive function, definitions of cognitive impairment, and the duration of follow up. No patient in our study showed severe cognitive impairment. Several explanations account for the discrepancies among the described results. Our study included only patients undergoing OPCABG, which is less likely than on-pump CABG to result in CNS complications. The small sample size may also influence the results.
A reliable and semiquantitative method for estimating cerebral hemodynamics is PWI. The ability of PWI to assess CBF and metabolism is comparable to that of positron emission tomography. In our study, no significant difference in pre-and postoperative values of these parameters was observed. These results likely reflect the ability of OPCABG to improve neurological outcomes by avoiding hemodynamic, inflammatory, and microembolic perturbations associated with cardiopulmonary bypass [29] .
Our study had several limitations. As was mentioned, the sampling examined was relatively small, and the timing of postoperative assessment (8 days after surgery) was pragmatic, based on the timing of patient discharge. Cognitive assessments performed at a greater interval after surgery may be more clinically relevant.
Our findings can be summarized in the following way. In our sampling, about 4% of the patients examined who underwent OPCABG had a perioperative stroke, but no patient showed cognitive decline. These findings are consistent with the absence of changes detected by PWI. Intracranial artery disease and prior cerebral infarction may not be independent risk factors for stroke after OPCABG. However, further studies are required to better understand the predictive values of these conditions for postoperative stroke.
